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A meter accuracy within plus o r  minus 2 percent of the actual flow was 
obtained for discharges between 0.55 and 3 . 3 3  cfs (cubic feet per second) 
(245to 1,500 gallons per minute). Themeter  was installed with flow 
traighteners i n  a 7.97-inch-diameter pipe and had 30 diameters of 

ght pipe upstream of the meter ,F igure  4, Curve 2. The meter  accu 
acy decreased rapidly for  discharges less than 0.55 cfs. At the manu- 
acturer 's  minimum rated discharge of 0.22 cfs, the accuracy of the 

used in this study could urately measured. A 90" 
ow installed about 6 diamet the propeller reduce 
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INVESTIGATION O F  AN 8-INCH PROPELLER METER 

SUMMARY 

The discharge characteristics of a new 8-inch saddle-type propeller 
meter, Figure 1, were investigated in the hydraulics laboratory as 
part of t i e  Bureau of Reclamation's water measurement program for 
evaluating and developing water-measuring methods and devices. 

Discharge measurement accuracy and operating characteristics were 
determined for  the meter in two pipelines of different inside diameters. 
In one se r ies  of measurements, there were 30 diameters of straight 
pipe upstream of the meter in both lines. In a second test series, 
the discharge characteristics were determined for  the meter installed 
6 pipe diameters downstream of a 90" mitered elbow. The change 
in  the accuracy of the meter was determined with and without the flow 
straighteners supplied with the meter in both test  series. 

The discharge through the propeller meter was measured by volu- 
metrically calibrated Venturi meters. The meters  installed in the 
Hydraulic Laboratory for use as measuring devices, a r e  accurate to  
within plus o r  minus 0.5 percent. A discharge ratio, indicated pro- c, 
peller meter discharge divided by the measured discharge through 1 '  

the pipeline, was used a s  a measure of the accuracy of the meter for  >iz 

both installations. Calibration curves were drawn a s  best-fit lines 
through points plotted using the discharge ratio a s  the ordinate ana the 
Venturi meter (actual) discharge as the abscissa, Figure 4, 5, and 6. 
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and 6. Flow &aightene>s upitre& of the propeller increased-the 
accuracy by about 1.5 percent in both meter installations. Installa- 
tion of the meter. in a pipe of less than 8.0 inches inside diameter 
causes the meter to overregister. For  a slightly undersized pipe, 
7.78 inches inside diameter, the meter registers about 7 percent 
too high (Curve 1, Figure 4). A pipe diameter.of 7.97 inches caused 
about 1.2 percent overregistration (Figure 5, Curve 1). 

INTRODUCTION 

The need for accurate and reliable water-measuring devices is be- 
coming more evident as the use of irrigation water increases. As 
more and more land is placed under irrigation, the demand for water 
increases, necessitating a complete and accurate accounting of the flow 
from the main diversion structure to the farm turnout. The Bureau of 
Reclamation conducts a water measurement program for the purpose 



Meter Test Facility 

The propeller meter was  installed in a 35-foot-long straight pipeline. 
A 90' mitered elbow was connected at the inlet to the pipeline. An 
8-inch gate valve at the downstream end was used to control the dis- 
charge, Figure 2A. Couplings for the test pipe were of a sleeve 
type to facilitate assembly and disassembly of the pipe and test 
section. The propeller meter was installed in a short test section, 
Figure 2B, and this section was inserted in the pipeline at the desired 
location. Three 10-inch-long enameled straightener vanes 2 inches 
wide by 118-inch thick supplied with the meter could be installed just 
upstream of the meter propeller. Figure 3 shows the meter installed 
just downstream from the 90' mitered elbow. 

CALIBRATION PROCEDURE 

Test discharges through the propeller meter were measured with 
the 4-, 6-, or  8-inch Venturi meters and controlled by the gate 
valve downstream from the propeller meter. The dawnstream valve 
was used to control the discharge, causing the test section to flow 
full, and preventing free-flow conditions at the propeller. 

The total indicated volume of water passing the meter during a 
measured time interval was the difference in totalizer readings at 
the start  and at the end of the interval. The time,, measured by a 
stopwatch, for each test ranged from about 6 to- 17 minutes for indi- 
cated flow volumes from 0.01 to 0.16 acre-foot (436 to 6,970 cubic 
feet). The discharge indicated by the propeller meter was determined 
by dividing the total indicated volume in acre-feet by the time interval, 
and convertiqg to cubic feet per second. The flaw rate indicator was 
readfor e&G\run and the reading compared with the flow rate calcu- 
lated from the totalizer reading. The discharge measurement ac- 
curacy of the meter was determined by comparing the propeller meter 

, indicated flow to the flow measured by permanently installed, volu- 
metrically calibrated, Venturi meters. ; 

TEST SERIES 



A 5-foot section of 7.9'1-inch-diameter pipe was usedias the test sec- 
tion for Series 2 with 30 diameters of straight pipe (diameter 7.78 
inches) upstream of the test section. Flow straighteners were in 
place for the series. Eighteen tests  were made in Series 2 for dis- 
charges ranging from 0.32 to  3.35 cfs, Curve 2. Figure 4. 

Series' 3 was similar to  Series 2 except the 30 diameters of straight 
pipe upstream of the test section had a diameter of 7. 97 inches or  
the same diameter as the test section, Twenty tests, 0.40 to 3.27 cfs. 
with flow straighteners installed were performed, Curve 1, Figure 5. 

In Series 4, the 5-foot-long test section of 7.97-inch pipe and 30 diam- 
e ters  of the same diameter pipe upstream of the test section were in- 
stalled, but the flow straighteners were not in place. The calibration 
curve for Series 4 is Curve 2, Figure 5. 

Fo r  Series 5 and 6, the 5-foot test section was installed dowmtream 
from a 90' mitered elbow of the same diameter a s  the tes'dection 
(7.97 inches). The test section was installed 16  inches downstream 
of the elbow thereby placing the propeller about 6 diameters down- 
stream of the elbow, Figure 3B. The flow straighteners were in 
 place for  Test Series 6, Curve 1, Figure 6, but were not installed for 
Series 5, Curve 2. 

Results from Test Series 1, for which the pipe diameter was 7.78 
inches, show a regkcration of &out 107 percent for discharges 
larger than '1.0 cfs, Curve 1, Figure 4. Available literature from 
the manufacturer on installation of this meter did not ind4cate that 
an 8-inch-inside-diameter pipe is required o r  specify th& allowable 



and 4 determined (1) the measurement accuracy of the 
diameters of 7. 97-inch-inside-diameter straight pipe 

upstream and (2) the effect of flow straighteners on the registration 
of the meter, Curves 1 and 2, Figure 5. Series 3, with flow straight- 
eners, shows a registration of from 101 to 101.7 percent for dis- 
charges exceeding 1.0 cfs. Without flow straighteners, the meter 
registered about 102. 5 percent of the actual discharge. Information 
available f;com the manufacturer did not indicate the accuracy speci- 
fications for  this meter, but the general specification for propeller 
meters of this type is plus o r  minus 2 percent over the rated range 
of discharges. Discharge ratios between 98 and 102 would fall within 
the plus o r  minus 2 percent accuracy range. F o r  this meter with 
flow straighteners installed in a pipe of diameter 7.97 inches, the 
plus o r  minus 2 percent accuracy is achieved for discharges from 
0.55 to 3.  5 cfs, Figure 5. Fo r  discharges less  than 0.55 cfs, the 
discharge ratio decreases rapidly and at  the manufacturer's recom- 
mended minimum flow (0.22 cfs) the discharge ratio could not be 
accurately measured. The propeller of this meter did not rotate 
when the,discharge was 0.18 o r  0.04 cfs less  than the manufactu 
minimum discharge. 

I 
In Series 5 and 6, the meter was installed downstream from a 
90" elbow to  study the effect of the elbow on the meter registration 
with and without flow straighteners. The calibration curves resulting 
from Series,5 and 6. Figure 6, show that the registrations a r e  lower 
fo r  the mGter installed downstream of the elbow than for the meter 
with 30 diameters of straight pipe upstream. With flow straighteners 
installed. the registration is about 99.5 to 100 for discharges greater 
than 0.8 cfs with the sharp decrease in registration for discharges 
below 0.8 cfs. /i 

Fo r  the meter  downstream of the elbow without flow straighteners, 
the registration is between 0 and 1.5 percent lower than with flow 
straightenqrs. 

CONCLUSIONS , 

The results  and conclusions presented in this report were obtained 
from a se r ies  of tests  performed on one new propeller meter and 
a r e  indicative of the performance of this meter. Extrapblation of 
these results to other propeller meters of the same type may not be 
valid. No attempt was made to,evaluate the meter reliability o r  
performance on a long-term basis. To fully evaluate the meter, 
additional tests  after 2 o r  3 years of field operation would be required. 

1. .The 8-inch saddle-type propeller meter investigated in this study 
and installed in a 7.97 -inch-inside-diameter pipe, with flow straight- 
eners and 30 diameters of straight pipe upstream of the meter, 





Figure 1 
Report Hyd-558 

A. Eight-inch propeller meter used for laboratory 
calibration. 

B. Propeller meter showing totalizer register and flow rate indicztor. I 
PROPELLER METER STUDY 

Eight-inch Saddle-type Propeller Meter 



A.  Laboratory facility for propeller meter calibration. 

B. Eight-inch pipe test section with meter installed. 

PROPELLER METER STUDY 
Laboratory Test Facility and Meter Installation 
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